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(54) Exhaust gas recirculation valve 

(57) An exhaust gas recirculation (EGR) system 
(11), especially foradiesel engine, having a valve (25), 
including a valve stem (29,31 ) and an actuator operable 
to move the valve (25) between the open (FIG. 1) and 
closed positions. The actuator includes an electric motor 
(47) which provides a low torque, high speed rotary out- 
put (51 ) to an input gear (53) of a reduction gear train 

(55) . The output of the gear train is a relatively high 
torque, low speed rotation of an output gear (79), which 
is connected by a linkage (83,85) to the input stem (31 ) 
ol the valve. The gear train (55) includes a torque limiting 
clutch (67,69) to protect the teeth of the gears, and a 
coupling arrangement (91 ) joins the valve stems (29,31 ) 
to permit mis-alignment therebetween. 
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Description 

BACKGROUND OF THE DISCLOSURE 

The invention relates to an exhaust gas recircula- 
tion system, tor controlling the flow of exhaust gas from 
an exhaust gas passage to an engine intake passage 
of an internal combustion engine, and more particularly, 
to an actuator arrangement for an exhaust gas recircu- 
lation system. 

Although the use of the present invention is not lim- 
ited to any particular type of engine, its use is especially 
advantageous in connection with a diesel engine, for 
reasons which will become apparent subsequently. 

Typically, exhaust gas recirculation (EGR) valves 
have been disposed between the engine exhaust man- 
ifold and the engine intake manifold, and operable, 
when in the open position, to recirculate exhaust gas 
from the exhaust side of the engine back to the intake 
side. As is well known to those skilled in the art, such 
recirculation of exhaust gases is helpful in reducing var- 
ious engine emissions. 

Many prior art EGR valves have been pressure re- 
sponsive, and more particularly, have moved between 
the open and closed positions in response to movement 
of a diaphragm. One example of such an EGR valve 
control is shown in U.S. Patent No. 5,035,228. Normally, 
the diaphragm is biased by a vacuum signal. However! 
many vehicles having diesel engines, and requiring 
EGR systems, do not inherently include a vacuum 
source. Therefore, the use of a vacuum actuated EGR 
valve, thus requiring the addition of a vacuum source, 
would add substantially to the overall cost of the EGR 
system. 

An EGR system including an electrically operated 
type actuator is illustrated and described in U.S. Patent 
No. 5,606,957. The actuator for the valve stem in the 
cited patent is a stepper motor, which is generally sat- 
isfactory in performing the basic function of opening and 
closing the EGR valve. However, in most vehicle appli- 
cations for EGR valves, and especially in diesel engine 
applications, it must be possible to close the EGR valve 
within 50 milliseconds of the time the closing command 
is generated, and open the EGR valve within 100 milli- 
seconds of the time the opening command is generated. 
Thus, the type of stepper motor actuator shown in the 
cited patent may be able to close the valve quickly 
enough, but clearly would not be able to open the valve 
within the required time. 



which does not require a vacuum source, but instead, 
is electrically actuated and therefore is susceptible to 
more precise control. 

It is a further object of the invention to provide an 
s electrically actuated EGR valve which is able to open 
and close within a very short time period and with suffi- 
cient force. 

The above and other objects of the invention are 
accomplished by the provision of an exhaust gas recir- 

io culation system for an internal combustion engine, the 
system having a valve including a valve stem, the valve 
being moveable between a closed position blocking 
communication from an engine exhaust gas passage to 
an engine intake passage, and an open position. The 

^ system comprises housing means and actuator means 
operable to move the valve between the closed and 
open positions in response to changes in an electrical 
input signal. 

The improved system is characterized by the valve 
20 stem including an input portion disposed within the 
housing means. The actuator means includes an elec- 
tric motor operably associated with the housing means 
and operable to provide a low torque, high-speed rotary 
output in response to the electrical input signal. The ac- 
2S tuator means further includes a gear train comprising at 
least an input gear adapted to receive the low torque, 
high speed rotary output of the electric motor, and an 
output gear providing a high torque, low speed rotary 
output. A linkage means is operable to trans late the high 
30 torque, low speed rotary output into axial movement of 
the input portion of the valve stem, to move the valve 
between the closed and open positions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



BRIEF SUMMARY OF THE INVENTION 

Accordingly it is an object of the present invention 
to provide an improved exhaust gas recirculation sys- 
tem, which overcomes the disadvantages of the prior art 
systems. 

It is a more specific object of the present invention 
to provide an actuator arrangement for an EGR valve 



FIG. 1 is a transverse cross-section of an exhaust 
gas recirculation valve and control system therefore, 
made in accordance with the present invention. 

FIG. 2 is an enlarged, fragmentary, transverse 
40 cross-section, similar to FIG. 1 , but taken on a slightly 
different plane, and illustrating one aspect of the actua- 
tor assembly of the present invention. 

FIG. 3 is a cross-section, on a slightly larger scale 
than FIG. 1 , but taken on a plane normal to that of FIGS 
45 1 and 2. 

FIG. 4 is an enlarged transverse cross -sect ion, sim- 
ilar to FIG. 2, illustrating the torque limiting clutch as- 
sembly, which is one aspect of the present invention. 
FIG. 5 is a further enlarged transverse cross-sec- 
so tion, similar to FIG. 1, illustrating the valve stem coupling 
arrangement, which is another aspect of the present in- 
vention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, which are not intend- 
ed to limit the invention. FIG. 1 illustrates an exhaust 
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gas recirculation system, generally designated 11. As is 
well known to those skilled in the art, the EGR system 
11 may include a plurality of sections, and the subject 
embodiment includes a manifold portion 1 3, an actuator 
portion 15, and a heat transfer (cooling) portion 17, the 
cooling portion 17 being disposed between the manifold 
portion 13 and the actuator portion 15. 

As is also well known to those skilled in the art, an 
EGR system may be plumbed into the engine exhaust 
and intake system in a number of ways, the specific ar- 
rangement for doing so not comprising part of the 
present invention, and therefore, a plumbing arrange- 
ment will be illustrated herein, only schematically, and 
only by way of example. 

The manifold portion 1 3 comprises a manifold hous- 
ing 1 9 defining a passage 21 , and a bore 23 within which 
a valve assembly generally designated 25 is reciprocally 
supported for axial movement therein. The valve as- 
sembly 25 includes a poppet valve 27 formed integrally 
with a valve stem 29. The valve assembly 25 also in- 
cludes an input stem portion 31 which will be discussed 
in greater detail subsequently. 

The manifold housing 19 includes a valve seat 33, 
against which the poppet valve 27 seats when the valve 
assembly 25 is closed, such that the valve seat 33 
serves as the "close stop". However, in FIG. 1 , the valve 
27 is shown in its open position. At the upstream end of 
the passage 21 (adjacent the valve seat 33), the mani- 
fold portion 1 3 is connected to an exhaust gas passage 
E, and at the downstream end of the passage 21 , the 
manifold portion 1 3 is connected to an intake passage I . 

Referring now primarily to FIGS. 1 and 3, the heat 
transfer (cooling) portion 17 includes a cooling housing 
35 defining a central opening 37 (see FIG. 5) through 
which the input stem portion 31 extends. The cooling 
housing 35 also defines a cooling passage 39, which is 
shown schematically in FIG. 1 as being in communica- 
tion with a source S of coolant fluid, e.g., fluid which 
comprises part of the engine coolant system. As is well 
known to those skilled in the art, the communication of 
the manifold portion 1 3 with hot exhaust gases from the 
exhaust passage E will result in the manifold housing 
19 becoming quite hot, e.g., 300 or 400 degrees Fahr- 
enheit. In accordance with one aspect of the invention, 
the cooling portion 1 7 is disposed between the manifold 
portion 1 3 and the actuator portion 1 5, to serve as a ther- 
mal barrier, to keep the actuator portion 15 as cool as 
possible, and preferably under about 200 degrees Fahr- 
enheit. 

Referring now primarily to FIGS. 1-3, the actuator 
portion 15 will be described in some detail. The actuator 
portion 15 includes an actuator housing 41 and a hous- 
ing cover 43, attached to the housing 41 by any suitable 
means, such as a plurality of bolts 45. Attached to the 
exterior of the housing cover 43 is the casing of an elec- 
tric motor, generally designated 47, the particular con- 
struction and specifications of which are not essential to 
the present invention. However, in accordance with one 



aspect of the invention, the electric motor 47 is of the 
relatively high speed, continuously rotating type, as op- 
posed to a stepper type of motor discussed in the BACK- 
GROUND OF THE DISCLOSURE. 

s Although the motor 47 could, within the scope of the 

invention, comprise a brushless DC motor, it is preferred 
to use a permanent magnet DC commutator motor, or 
any other motor with a high torque-to-inertia ratio. 

The motor 47 receives an electrical input by means 

10 a pair of electrical wires, only one of which is shown in 
FIG. 1, and which is designated 49. The electric motor 
47 provides a low torque, high speed rotary output at a 
motor output shaft 51 (see FIG. 1) on which is mounted 
a motor pinion gear 53 (see FIGS. 1 and 3). 

15 The motor pinion gear 53 comprises the input gear 
of a gear train generally designated 55, the general func- 
tion of which is to translate the relatively low torque, high 
speed rotary output of the motor 47 into a relatively high 
torque, low speed rotary output which may be transmit- 

20 ted to the valve assembly 25. The motor pinion gear 53 
is in meshing engagement with a relatively larger gear 
57 of an intermediate gear assembly 59, which also in- 
cludes a relatively smaller pinion 61. The gear 57 and 
pinion 61 are referred to as being "relatively larger" and 

25 "relatively smaller", respectively, merely to indicate that 
the function of the gear train 55 is progressively to re- 
duce the speed while increasing the torque, and thus, it 
is believed to be within the ability of those skilled in the 
art to select particular gears and pinions, and the tooth 

30 ratio therebetween. 

Referring now primarily to FIGS. 2 and 4, the inter- 
mediate gear assembly 59 preferably comprises a 
torque limiting (slipping) coupling. It should be under- 
stood that the particular construction and operation of 

35 the coupling shown in FIG. 4 is not an essential feature 
of the present invention, but is shown by way of example 
only. As may best be seen in FIG. 2, the pinion 61 has 
. a pinion shaft 63 rotatably disposed within a cylindrical 
portion 65 of the pinion 61, the pinion shaft 63 being 

40 journalled at its opposite ends by the housing 41 and 
the cover 43. 

Referring now primarily to. FIG. 4, disposed be- 
tween the cylindrical portions 65 of the pinion 6 1 and the 
gear 57 is a slip member 67, which is fixed to rotate with 

45 the cylindrical portion 65 of the pinion 61 by any suitable 
means. The gear 57 is biased into engagement with the 
slip member 67, and normally rotates therewith, by 
means of a beveled washer 69, having its radially inner 
portion restrained by a retainer ring 71 . As is well known 

50 the those skilled in the art of torque limiting or slip clutch- 
es, the gear 57 and pinion 61 will rotate as a unit up to 
a predetermined, maximum input torque, above which 
the torque will exceed the capacity of the beveled wash- 
er 69, and the gear 57 will begin to slip relative to the 

55 slip member 67 (and therefore, relative to the pinion 61 ). 

The reason for including this slipping capability in 
the intermediate gear assembly 59 is primarily to protect 
the gear train 55. A major portion of the torque generat- 



3 



5 



EP 0 887 540 A2 



6 



ed by the electric motor 47 is required simply to over- 
come the inertia of the motor itself. With the full current 
being directed to the motor 47, the teeth of the gear train 
55 would be destroyed whenever the valve 27 reached 
its closed stop or its open stop in the absence of the s 
torque limiting (slipping) clutch capability described 
above. Within the scope of the present invention, the 
torque limiting clutch may comprise a separate element 
in the gear train 55, but preferably is combined with an 
intermediate gear assembly to make the entire gear 10 
train more compact and less expensive. 

The pinion 61 is in meshing engagement with a rel- 
atively larger gear 73 of an intermediate gear assembly 
75, the output of which is a relatively smaller pinion 77. 
In the subject embodiment, the intermediate gear as- is 
sembly 75 may simply comprise the gear 73 and pinion 
77 being fixed to rotate with each other, or, alternatively, 
may comprise a single, integrally formed part. The func- 
tion of the intermediate gear assembly 75 is to reduce 
further the speed, while increasing further the torque be- 20 
ing transmitted by the gear train 55. 

The pinion 77 is in meshing engagement with a rel- 
ative larger diameter gear portion 79 of a sector gear, 
generally designated 81. As may best be seen in FIG. 
1 , formed integrally with the input stem portion 31 of the 2s 
valve assembly 25 is a pair of diametrically opposed cy- 
lindrical projections 83, one of which is received within 
a slot 84 defined by the housing 41. The engagement 
of the projection with the bottom portion (in FIG. 1) of 
the slot 84 comprises the "open stop". The sector gear 30 
81 includes a pair of opposed actuator portions 85 (only 
one of which is shown in FIG. 3, but both of which are 
shown in FIG. 1). Each of the actuator portions 85 in- 
cludes an elongated, generally U-shaped opening 
which receives the cylindrical projection 83. Thus, the 35 
sector gear 81 comprises the high torque, low speed ro- 
tary output of the gear train 55 and the projections 83 
and actuator portions 85 comprise a linkage means 
which is operable to translate the high torque, low speed 
rotary output into axial movement of the stem portion 40 
31 , and of the entire valve assembly 25. 

Those skilled in the art will understand that the use 
of the terms "low" and "high" in reference to the speeds 
and torque of the input to the gear train 55, and the out- 
put therefrom, is meant in the relative sense. Thus, the 45 
reference to a "low speed" output from the gear train 
simply means a low speed relative to the speed into the 
gear train, and doesn't mean a low speed in the sense 
that a stepper motor would provide a low speed. 

As may best be seen in FIG. 2 : the larger gear por- so 
tion 79 is preferably pressed onto a shaft 87, the oppo- 
site ends of which are journalled in the actuator housing 
41 and in the housing cover 43. It should be noted that, 
disposed adjacent the left end of the shaft 87, and at- 
tached to the housing 41 is a sensor assembly, generally 55 
designated 89 : the function of which is to sense the an- 
gular position of the shaft 87 (which is representative of 
the angular position of the sector gear 81 , and therefore, 



is representative of the position of the poppet valve 27). ' 
The sensor 89 converts the angular position of the shaft 
87 into an appropriate electrical signal, which then may 
be transmitted as an input to the control logic (not shown 
herein) for the EGR system 1 1 . Such control logic is out- 
side the scope of the present invention, and will not be 
illustrated or described herein. 

Referring now to FIG. 5, in conjunction with FIG. 1, 
there is illustrated a coupling arrangement, generally 
designated 91 , the general function of which is to couple 
the input stem 31 to the valve stem 29, such that the 
input stem 31 and the valve stem 29 have common axial 
movement. However, in accordance with a preferred 
embodiment, the coupling arrangement 91 is operable 
to permit transverse mis-alignment of the input stem 31 
and the valve stem 29, such that the transverse align- 
ment among the manifold housing 19, cooling housing 
35, and actuator housing 41 is less critical. In the subject 
embodiment, the coupling arrangement 91 comprises a 
butt key type of keeper arrangement, including a pair of 
butt key members 93 and 95, surrounded by a collar 
member 97. As is well known to those skilled in the 
"keeper" art, the butt key members 93 and 95 are butted 
together, but preferably do not contact the keeper 
grooves on either the stem 29 or the stem 31 , thus per- 
mitting the stems to rotate relative to each other, al- 
though such is not an essential feature of the coupling 
arrangement 91. 

The invention has been described in connection 
with open and close stops, but those skilled in the art 
will understand that such stops are provided primarily in 
the event of a failure of the system control logic. Under 
normal operating conditions, the movement of the valve 
assembly 25, as far as establishing its open and closed 
positions, will be controlled by the system logic, which 
in turn controls the signal 49. 

The invention has been described in great detail in 
the foregoing specification, and it is believed that vari- 
ous alterations and modification of the invention will be- 
come apparent to those skilled in the art from a reading 
and understanding of the specification. It is intended that 
all such alterations and modifications are included in the 
invention, insofar as they come within the scope of the 
appended claims. 



Claims 

1. An exhaust gas recirculation system (11) for an in- 
ternal combustion engine, said system having a 
valve (25) including a valve stem (29,31 ), said valve 
(25) being moveable between a closed position, 
blocking communication from an engine exhaust 
gas passage (E) to an engine intake passage (I), 
and an open position (FIG. 1); said system (11) 
comprising housing means (19,35,41), and actua- 
tor means operable to move said valve between 
said closed and open positions, in response to 
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in claim 1, characterized by said gear train (55) in- 
cluding a motor pinion gear (53) comprising said in- 
put gear, and at least one intermediate gear assem- 
bly (59) comprising a relatively larger gear member 
(57) in toothed engagement with said motor pinion 
gear (53), and a relatively smaller pinion (61), nor- 
mally operable to rotate with said larger gear (57), 
and operable to provide a reduction in speed of ro- 
tation, and an increase in torque from said input 
gear (53) to said output gear (79). 

7. An exhaust gas recirculation system (11 ) as claimed 
in claim 6, characterized by said gear train (55) in- 
cluding torque limiting clutch means (67,69) opera- 
ble to limit the amount of torque transmitted to said 
output gear (79) as said valve (25) approaches an 
open stop (83,84) and a closed stop (33). 

8. An exhaust gas recirculation system (11 ) as claimed 
in claim 7, characterized by said intermediate gear 
assembly (59) includes said torque limiting clutch 
means (67,69), disposed operationally between 
said larger gear member (57) and said smaller pin- 
ion (61), whereby said gear member (57) and said 
pinion (61 ) are normally operable to rotate together, 
up to a predetermined maximum torque level. 



changes in an electrical input signal (49); charac- 
terized by: 

(a) said valve stem including an input portion 
(31) disposed within said housing means 
(35,41); 

(b) said actuator means including an electric 
motor (47) operably associated with said hous- 
ing means (41) and operable to provide a low 
torque, high speed rotary output (51) in re- 
sponse to said electrical input signal (49); 

(c) said actuator means further including a gear 
train (55) comprising at least an input gear (53), 
adapted to receive said low torque, high speed 
rotary output (51) of said electric motor (47), 
and an output gear (79) providing a high torque, 
low speed rotary output (81); and 

(d) linkage means (83 : 85) operable to translate 
said high torque, low speed rotary output (81) 
into axial movement of said input portion (31) 
of said valve stem, to move said valve (25) be- 
tween said closed and open (FIG. 1 ) positions. 

2. An exhaust gas recirculation system (11 ) as claimed 
in claim 1, characterized by said housing means 
(1 9, 35,41 ) comprising a manifold portion (13) defin- 
ing a valve seat (33), and providing communication 
from said exhaust gas passage (E) to said intake 
passage (1). 

3. An exhaust gas recirculation system (11 ) as claimed 
in claim 2, characterized by said housing means 
(19,35,41) comprising a gear housing portion (41), 
and a cooling housing (35) disposed between said 
gear housing portion (41 ) and said manifold portion 
(13), said cooling housing (35) defining a cooling 
passage (39) and adapted to be connected to a 
source (S) of coolant fluid. 

4. An exhaust gas recirculation system (11 ) as claimed 
in claim 2, characterized by said valve (25) including 
said input portion (31 ) and a stem portion (29), said 
input (31) and stem (29) portions comprising sepa- 
rate members, said stem portion (29) being jour- 
nalled within said manifold portion (1 3) of said hous- 
ing means (19, 35,41), and said input portion (31) 
being journalled within a gear housing portion (41) 
of said housing means. 

5. An exhaust gas recirculation system (11) as claimed 
in claim 4, characterized by coupling means (91) 
operable to couple said stem portion (29) and said 
input portion (31 ) for common axial movement, said 
coupling means (91 ) being operable to permit trans- 
verse misalignment of said stem portion (29) and 
said input portion (31). 

6. An exhaust gas recirculation system (11 ) as claimed 



9. An exhaust gas recirculation system ( 1 1 ) as claimed 
in claim 1 , characterized by said electric motor (47) 
comprises a motor having a relatively high torque- 
to-inertia ratio. 

10. An exhaust gas recirculation system (11 ) as claimed 
in claim 9, characterized by said electric motor (47) 
comprises a permanent magnet DC commutator 
motor. 
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